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Abstract
In the 2016 ICS Dali Congress proceedings, we published an article entitled “Thoughts
on the Conservation of C.changii” speculating that C.changii as an aquatic camellia species.
In April 2006, we obtained a root segment of C.changii from one habitat, and through
dissection and observation of the anatomy of the sample, C.changii was then identified as an
aquatic camellia species.
Taiwan.

This paper reports the reproduction experiments carried out in

C.changii seedlings and cuttings were cultivated in hydroponic system.

seedlings can all grow properly.

These

We can apply these reproductive techniques to grow the

seedlings of C.changii and increase its genetic diversity, so as to achieve ex-situ or in-situ
conservation.
Key words：C.changii, aquatic root, anatomically observe, cutting, ex-situ, in-situ,
conservation
Introduction
The primary habitat of C.changii is in the middle section of Er-cha River near Hewei
Mountain, Yangchun City, Guangdong Province, China (currently Ehuangzhang Nature
Reserve).

The plants of C.changii in the river are being lost rapidly because of scouring

caused by torrential rains in the rainy season.

Ehuangzhang Nature Reserve gathered

scholars from different backgrounds to reproduce C.changii by seed propagation and plant
cuttings in from around the Er-cha River.
However, after more than 20 years of hard work, there has been hardly any
breakthrough and the nature reserve is unable to proceed with ex situ reproduction and
restoration. The extinction of C.changii in the wild appears unavoidable.
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It has been listed as endangered plant species that needs to be actively rescued .
Based on the data of previous studies, the authors threw out a conjecture at the 2016 ICS
Dali Conference that C.changii is an aquatic species.

Extending this concept, this study

confirmed with scientific evidence the fact that C.changii is indeed an aquatic species.

It

also sought a breakthrough in the method of restoration and conservation.
Furthermore, according to former studies, the gene sequences of the C.changii plants in
the Er-cha River habitat are almost identical.

In recent years, a large number of C.changii

plants in various areas show symptoms of dead limbs at the same time without obvious
causes.

Some researchers suspect that the problem is due to excessive narrowing of the

gene pool.
In order to overcome this problem, this study made use of the growth characteristics of
the aquatic roots of C.changii to experiment with the methods of seedling cultivation. It is
hoped that the system of the genetic diversity of C.changii can be established, so as to
overcome the problem of gene pool narrowing.
Materials
After the 2016 ICS Dali Congress, the authors visited the habitat of C.changii in
Ehuangzhang Nature Reserve in early April.

The purpose of the trip was to investigate

in-situ the ecological environment of C.changii and observe the structure of its root system,
so as to understand its growth habits, and take root samples for anatomical observation.
C.changii is distributed along the riverbank of the Er-cha River.

On both sides of the river

are massive rocks and boulders, interspersed with small areas of sand (Fig. 1).
C.changii plants grow between these sand and rock crevices (Fig. 2).

The

In order to

understand the root system of C.changii, sand around the roots were removed and the roots
were exposed for observing the growth and root structure (Fig. 3, 4).

The main root

follows a herringbone branching pattern, while the lateral roots follow the dichotomous
branching pattern.
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Fig. 1. There are boulders and sands

Fig. 2. C.changii grows on sand.

on both sides of the Er-cha River.

Fig. 3. Sand around the roots were

Fig. 4. the main root axis -- Herringbone

removed.

branching; lateral root-- dichotomous
branching

Results
Root samples of C.changii were taken from its primary habitat for root morphology
observed and structural analysis.
many smaller lateral roots.

C.changii has a taproot system, with a main root and

The khaki colored roots are about 0.6-0.8 mm in diameter,
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bearing deep colored nodes where lateral roots emerge (Fig.
5). It is noteworthy that in places where root bud seedlings
grow, the nodes appear collapsed. Further observations will
be needed for confirmation. The cross section of the root
node shows that the central part of the node and some
cortical cells are hollow. (Fig. 6).

The cross-section of a

young root shows that most of the cortical cells are hollow,
and the vascular bundle (phloem and xylem) is not fully
developed (Fig. 7).

Fig. 6. The cross-section of node of

Fig. 7. Cross section of young root of

the root of C.changii.

C.changii.

The cross-section of a middle-aged root of C.changii shows that the vascular bundle
(phloem and xylem) is fully developed. The xylem is porous, and cortical cells are partially
hollow and partially solid (Fig.8 & Fig.9).

Enlarging the cortical cells, the solid cortical cells are

actually reticular with many pores (Fig.10).

In the amplification of epidermal cells, a

membrane coating on the surface is observed (Fig. 11).

In contrast, the cross-section of

C.japonica as well as other land root plants of Theaceae, have no such membrane and fewer
hollow type of cortical cells (Fig.12 & Fig.13) .
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Fig. 8. The cross-section of middle aged root Fig. 9. Amplification of vascular bundle from
of C.changii.

Fig. 8.

Fig. 10. Amplification of cortex from Fig. 8.

Fig. 11. Amplification of epidermis (from Fig.
8.) which is covered with a membrane.

Fig. 12. The cross-section of root of.

Fig. 13.

C.japonica.

the root of C.japonica with no membrane.
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Fig. 14. The cross section view of the aged

Fig. 15. Amplification cross section view of

root of C.changii.

the aged root of C.changii.

In the cross section view of the aged root, a well-developed cork layer, metaphloem and
metaxylem of the root can all be observed (Fig. 14 & 15).
Using the principle of aquatic roots, we have achieved good results by immersing the
branches in waterbeds (Fig. 16, 17, 18 & 19).
C.changii blooming (Fig. 19).

Fig. 19 shows three weeks cutting seedling of

When the seedling plant pots are put in the basin, they can

also grow normally (Fig. 20 & 21).

Fig. 16. Six months cutting seedlings of

Fig. 17. Six months

C.changii.

bare-root cutting seedlings.
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Fig. 18. Six months cutting

Fig. 19. Three weeks cutting

Fig. 20. Five years

seedling of C.changii.

seedling of C.changii is

seedling of

blooming.

C.changii in pots.

Fig. 21. One year bare-root seedling of C.changii.
Discussion
There are four main features of its roots that allow C.changii plants be able to survive in
water.
1. Root structures: Different root structures reflect adaptation to their habitats.

The root

structure of some aquatic plants exhibits two special features: herringbone branching and
dichotomous branching.

Herringbone branching, which predominantly occurs on the main

root axis, promotes high exploitation efficiency because it minimizes competition among
roots.

But it is less transport-efficient and more expensive to the plant to grow due to the

relatively high mean root diameters.

Dichotomous branching is characterized by shorter
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exterior links that are easier to form and may better exploit smaller soil volumes. The root
structure of C.changii presents both herringbone branching and dichotomous branching.
Therefore, it conforms to the root structure of aquatic roots.
2. Node of root: The lateral roots of C.changii grow from the nodes that roots can move
along the water to withstand the strong current, because of the tighter cells and contraction
of nodes.
3. Hole:

Hollow and network structures of cortical cells and pores in xylem connect up

with downs form conduction system (Fig. 9. & Fig.10).
4. Translucent membrane:

A layer of translucent membrane coating on the root epidermis

(Fig. 7, Fig. 8, Fig. 11 & Fig. 14.) for powerful reverse osmosis.

Oxygen in water can

therefore pass through a translucent membrane and intercellular space for roots to breathe
fully.

The membrane can block the ingress of excessive water to prevent roots rot. It

enables the delivery of more oxygen and nutrient to roots, so that the root bud plants grow
out from the root.
Water level in the Er-cha river was the deepest in 1935, which coincides with the peak
growth of C.changii plants in the area.

But when hydroelectric power stations were built

one after another in the upper reaches of the Er-cha, the water level began to decline with
the consequent dying out of root bud plants, until 1975.

Dr. Shi-lin Lee continued his

survey until 2015, when the root bud plants could not be found anymore (Fig. 22).
Previously, Ehuangzhang Nature Reserve had attempted to move C.changii plants to land to
safeguard them from the risks of rainstorm.

All plants died within a year.

We speculate

the key factor in these failed attempts is the translucent membrane. When the membrane
is not immersed in water, it dries out and cuts off the oxygen supply to the roots.

Another

effort has been to graft C.changii onto C.oleifera rootstock, and then plant the graft
seedlings on Er-cha riverbank.

All plants died within a year due to roots rot.

roots had no translucent membrane protect it.

C.oleifera

We produced C.changii seedlings and

cuttings using a waterbed in Taiwan, with good results (Figs. 16-21).

We also immersed the

seedling pots in a water bowl, and the seedlings grow normally.
Conclusion
In this study, we have confirmed that C.changii is a new aquatic macrophytes taxonomy
in Theaceae (Fig. 23).

Our study has shown that our method is a viable approach to
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restoring and re-generating C.changi.

It also suggests that the critical function of

translucent membrane should be looked into further in further research.
Da Lat plateau in mid-Viet Nam contains tropical rainforest, lands always immersed in
water as a waterbed.

The camellia species here are C.piquetiana, C.dormoyana…….

Which species belong to an aquatic macrophytes taxonomy in Theaceae? This is something
we have to rethink further.

We hope Viet Nam new-camellia researchers will work to

prove this concept together with us.
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Fig. 22. Basal diameter, height and canopy width structures of the
C.changii populations in different plots (Li et al., 2013).
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